INTRODUCTION
Fatty acids are one of the ubiquitous molecules that are found attached to compounds such as glycerol, sugars or phosphates to form important biomolecules, lipids. The fatty acids are the main building blocks of lipids which serve as components of cell membranes, phospholipids, triglycerides and serve as energy reserve. The fatty acids besides, being building blocks of biomolecules also help in host defences against potential pathogenic microorganisms. It is well documented that, fatty acids from natural biological sources exhibit antibacterial effect on various bacteria 1 . It is also reported that the antibacterial actions of fatty acids are of broad spectrum with potencies comparable to some natural antimicrobial peptides 2 . In general, it is reported that long-chain unsaturated fatty acids exhibit greater potency than saturated fatty acids with the same chain length 3 . The broad spectrum of activity combined with non-specific mode of action of fatty acids make them attractive compounds for various applications in medicine, agriculture, cosmetics and nutraceuticals. The fatty acids are from natural sources and are reported to be non-toxic and are generally regarded as safe . It has been reported that fatty acids are the most active antimicrobial agents present in human skin lipid samples and that about 10-15 μg of free fatty acids are present per square centimetre on human skin 4 . The most important fatty acid in human skin exudates is reported to be sapienic acid or cis-6-hexadecenoic acid. Sebum, which is the skin s endogenous lubricant, is reported to consist of about one-third cis-6-hexadecenoic acid 5 . Sapienic acid C16:1 n-10 also known as Z -6-hexadecenoic acid is a long-chain monounsaturated free fatty acid and skin deficient in this fatty acid is reported to be more susceptible to colonisation by Staphylococcus aureus 6 . It was reported that derivatives comprising cis-6-hexadecenoic acid were found to be acting as antimicrobial formulations in skin care as the lipid is uniquely natural to human skin and has no allergic reactions which could be encountered with foreign oils and fats employed as emolAbstract: Novel lipoamino acids were prepared with the coupling of sapienic acid [(Z)-6-hexadecenoic acid] with α -amino group of amino acids and the resulting N-sapienoyl amino acids were tested for their cytotoxicity activities against four cancer based cell lines. Initially, sapienic acid was synthesized by the Wittig coupling of triphenylphosphonium bromide salt of 6-bromohexanoic acid and decanal with a Z specific reagent. The prepared sapienic acid was subsequently converted to its acid chloride which was further coupled with amino acids by the Schotten-Baumann reaction to form N-sapienoyl amino acid conjugates. Structural characterization of the prepared N-sapienoyl amino acid derivatives was done by spectral data (IR, mass spectra and NMR). These lipoamino acid derivatives were screened for in vitro cytotoxicity evaluation. Cytotoxicity evaluation against four cancer cell lines showed that N-sapienoyl isoleucine was active against three cell lines whereas other derivatives either showed activity against only one or two cell lines with very moderate activity and two derivatives were observed to be inactive against the tested cell lines.
Key words: lipoamino acids, fatty acids, sapienic acid, amino acid conjugates, cytotoxicity lients 5 . The derivatives reported were esters comprising Z-6-hexadecenoic and alcohols such as ethylene, propylene glycols and straight chain and branched monohydric alcohols. It was also suggested that sapienic acid may be useful in topical formulations in wound dressings, and as a natural gram-positive antimicrobial preservative in skin and hair care products 4 .
Production of novel hybrid molecules with the combination of two biologically important and biocompatible properties has been the method of choice for the synthesis of bioactive analogs 7 . The conjugation of fatty acids with natural amino acids results in the formation of lipoamino acids which have combined physico-chemical properties of lipids and amino acids with amphiphilic nature 8 . These types of compounds have been reported to be biodegradable and have applications in food, pharmaceutical, medical and cosmetic fields 9 . Earlier reports on N-palmitoylated amino acids and N-stearyl amino acids showed that these types of compounds exhibited biological activities and could have applications as potential biostatic additives 10, 11 .
Due to the bifunctional nature of lipoamino acids, conjugation with other bioactive molecules could be a useful strategy for designing prodrugs. These kinds of conjugates are expected to possess membrane like properties which could help the passage of drugs through the biological membranes 12 . Lipoamino acids are reported to be used in the production of lipid core peptide systems employed for delivery of genes, drugs and vaccines 13 .
Keeping in view of the properties of sapienic acid, synthesis of lipoamino acid conjugates comprising sapienic acid and natural amino acids and studies on their cytotoxic properties would be interesting as these types of surfaceactive compounds could have potential applications in pharmaceutical and cosmetic formulations.
EXPERIMENTAL 2.1 Materials
6-Bromohexanoic acid, decanal, NaHMDS sodium hexamethyldisilylamide , triphenylphosphine were purchased from Sigma-Aldrich St. Louis, USA . All other reagents and solvents were procured from M/s SDFCL Mumbai, India and were of highest grade of purity.
The 1 H NMR and 13 C NMR spectra were recorded on
Varian 300 MHz and 75 MHz respectively and TMS was used as an internal standard. Mass spectra were recorded using electron spray ionization on Waters e2695 Separators module Waters, Milford, MA, USA mass spectrometer. IR spectra were recorded in dichloromethane on a Perkin-Elmer FT-IR Spectrum BX instrument Model: Spectrum BX; Connecticut, USA . Melting points were recorded on a Barnstead Electrothermal 9200 instrument. All of synthesised products were purified by silica gel 60-120 mesh column chromatography Acme Synthetic Chemicals, Mumbai, India and identified by thin-layer chromatography TLC . TLC was performed on precoated silica gel 60 F 254 from Merck Darmstadt, Germany .
Methods
Synthesis of lipoamino acid involving sapienic acid and amino acids was carried out in four steps. Synthesis of sapienic acid was carried out following a reported procedure for the synthesizing cis fatty acid employing the Wittig reaction 14 .
2.2.1 Synthesis of 5-Carboxypentyl triphenylphosphonium bromide/ triphenylphosphonium salt of 6-bromohexanoic acid: A mixture of 6-bromohexanoic acid 5 g; 25.63 mmol and triphenylphosphine 6.72 g; 25.63 mmol in toluene was refluxed for 48 h under nitrogen atmosphere. The reaction mixture was allowed to cool to room temperature and toluene was evaporated by rotary evaporator. The residue was repeatedly washed with hexane to remove any unreacted triphenylphosphine if present and the product was dried under vacuum to obtain the corresponding phosphonium salt as a white solid 9.3 g; 80 ; m.p 192-194 .
Synthesis of sapienic acid / Z -6-Hexadecenoic acid:
To a stirred suspension 5-Carboxypentyl triphenylphosphonium bromide 4.6 g; 0.01 mmol in THF 100 mL under nitrogen atmosphere was added 20 mL 0.02 mmol of sodium hexamethyldisilylamide 1 M solution in THF in a drop wise manner at 78 and the resulting orange ylide mixture was stirred for 40 min. Decanal 1.56 g; 0.01 mmol dissolved in THF 20 mL was added drop wise at 78 and the temperature of the reaction was allowed to reach room temperature. The reaction mixture was stirred for additional 5 h and poured into water 100 mL and the resulting solution was acidified with 10 HCl and extracted with diethyl ether 3 200 mL . The combined organic layers were dried over anhydrous sodium sulphate and concentrated to obtain the crude product. The crude product was purified by column chromatography to afford the pure unsaturated carboxylic acid as thick oily liquid in 51 yield 1. First step of the synthesis is the conversion of sapienic acid to its acid chloride which was followed by the N-acylation with L -amino acids to produce N-sapienoyl amino acids. Briefly, to a solution of sapienic acid 254 mg; 1 mmol dissolved in dichloromethane 10 mL , oxalyl chloride 1.25 eg, 630 μL of 2.0 M solution, 1.25 mmol was added drop wise using a syringe at 0 and the reaction mixture was stirred for 3 h at room temperature. After complete conversion excess oxalyl chloride was removed under reduced pressure to afford sapienoyl chloride in quantitative yield. IR cm 1 : 2928, 1600.
N-Sapienoyl amino acids were prepared by the SchottenBaumann reaction following a reported protocol with slight modification 15 . To a solution of amino acid 1 mmol dissolved in 5 mL of alkali 10 aq NaOH was added sapienoyl chloride dissolved in dichloromethane 5 mL in a drop wise manner and the reaction mixture was stirred for 2 h at room temperature. After 2 h, the reaction mixture was acidified with dilute sulphuric acid and the lipoamino acid was extracted with dichloromethane 3 15 mL , washed with water and dried over anhydrous sodium sulphate and concentrated. The crude product was purified by column chromatography to obtain N-sapienoyl amino acid in 35-50 yields. 
N-Sapienoyl

RESULTS AND DISCUSSIONS
The synthesis of the lipoamino acids involving sapienic acid was carried out in two major steps. Initially sapienic acid was converted to its acid chloride with oxalyl chloride to produce sapienoyl chloride. This sapienoyl chloride was subsequently coupled with amino acids to produce lipoamino acid conjugates of sapienic acid. The synthetic route followed for the preparation of N-sapienoyl amino acids is shown in Fig. 1 .
6-Bromo hexanoic acid and decanal were chosen as sub-strates for the selective introduction of alkene functionality at the desired position. The 6-bromo hexanoic acid 1 on treatment with triphenylphosphine in refluxing conditions in toluene solvent yielded 5-carboxypentyl triphenyl phosphonium bromide 2 in 80 yield. The phosphonium salt on Wittig coupling with decanal 3 using sodium hexamethyldisilylamide gave sapienic acid or Z -6-Hexadecenoic acid 4 in 50 isolated yield. The structure of the fatty acid was confirmed by spectral data which showed that the values were identical with the reported literature data 14, 17 .
The prepared sapienic acid was employed for the preparation of N-sapienoyl amino acid conjugates. Sapienic acid on treatment with oxalyl chloride gave corresponding sapienoyl chloride 5 which on Schotten-Baumann reaction with amino acid in basic condition yielded corresponding N-sapienoyl amino acids 6-13 . The yields of the novel lipoamino acids were found to be in the range of 35-50 and are given in Table 1 and the structures of the products are given in Fig. 2 . The structures of the lipoamino acids were confirmed by MS, IR and NMR spectral data. All the compounds showed M-1 in negative mode of ESI analysis which is characteristic of carboxylic acids. Proton NMR spectral data showed peaks corresponding to protons of corresponding to double bond and protons adjacent to carbonyl at around 5.5 and 2.2 δ respectively for fatty acid along with amide proton at around 6.0-6.4 with the methylene proton in the amino acid moiety at around 4.6 δ. IR spectral data showed carbonyl peaks corresponding to both amide 1650 cm 1 and carboxylic acid 1710 cm 1 functionalities. The spectral data for characteristic peaks was observed to be in compliance to earlier reported data for the fatty amino acid conjugates 11, 18 .
All of the prepared N-sapienoyl amino acid conjugates were screened for their in vitro cytoxicity evaluation. The cytotoxicity was determined against four human tumor cell lines such as human cervical cancer cell line HeLa , human alveolar adenocarcinoma cell line A549 , human colon cancer cell line COLO 205 and human prostate adenocarcinoma cell line DU145 . IC 50 or the concentration at which, the test compound inhibits 50 growth of cell lines was calculated and the results are given in Table 1 . The lower the IC 50 value indicates the higher activity of the test compound to inhibit the growth of the tumor cell line. Out of eight lipoamino acids prepared, seven lipoamino acids showed cytotoxicity towards at least one cell line.
There are several reports on the cytotoxicity studies of the prodrugs derived from lipoamino acids whereas reports on cytotoxicity of only lipoamino acids are very scarce 19 .
However, cytotoxicity reports on the natural and some synthetic lipidic amino acids are available where the amino group present in free form in natural lipoamino acids were shown to exhibit higher cytotoxic activity compared to the synthetic derivatives 20 . In the present study, sapienoyl isoleucine 10 and sapienoyl phenylalanine 11 were found to be inactive against all the tested strains. The structural variation in the compounds could be one of the reasons for the activity difference between the different lipoamino acids. N-sapienoyl amino acids of tryptophan 12 and proline 13 were found to be active only on HeLa cell lines showing some selectivity towards HeLa cell lines with IC 50 values of 78.7 to 47.4 respectively which could probably due to the heterocyclic functionality present in these molecules which is not present in other compounds described here. Sapienoyl glycine 6 , sapienoyl alanine 7 showed good activity against A549 showed higher activity compared to the other prepared lipoamino acids.
Conclusions
In this study, novel lipoamino acid conjugates comprising sapienic acid were synthesized. The prepared derivatives were tested for cytotoxicity activities and it was observed that lipoamino acid derived from leucine was the most active compared to the other prepared derivatives. Further studies on the conjugation of active compounds in cosmetic formulations with N-sapienoyl leucine would be interesting as the fatty acid is reported to be skin compatible. For example, conjugation of phenolic compounds to N-sapienoyl leucine or other fatty lipoamino acids could result in potential biocompatible cosmetic products as the phenolics are reported to be used in various sunscreen applications and UV filters. 
